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GENETICALLY ENGINEERED GLUTAMINASE AND ITS USE 
IN ANTIVIRAL AND ANTICANCER THERAPY 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a DNA coding for a therapeutically suitable 
glutaminase, a polypeptide which has the activity of a therapeutically suitable 
glutaminase, as well as their use in antiviral and anticancer therapy. 
BACKGROUND OF THE INVENTION 

Use of glutaminase to deplete glutamine in tumor-bearing hosts offers an 
attractive method for attacking cancer cells. Glutamine occupies an important role 
in the biosynthesis of a large number of cellular metabolites. Compared with 
normal tissues, some neoplasms have been shown to operate at a marginal level 
of glutamine availability because of decreased synthesis and stepped-up utilization 
(Levintow, 1954, J. Natl Cancer Inst. 75:347-352; Roberts, et aL, 1960, Amino 
Acids, Proteins and Cancer Biochemistry (J.T. Edsall, ed.). Academic Press, New 
York, NY pp. 121-145; Weber, G. f 1983., Cancer Res, 45:3466-3492; Sebolt, et 
aL, 1984, Life ScL 54:301-306). Experiments have revealed a negative correlation 
between glutamine content and the growth rate of transplanted rat hepatoma 
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tumors. The in vivo, concentration of giutamine in hepatoma 3924 A was found to 
be 9-fold lower (0.5 mM) than in liver (4.5 mM) and lower than in any other rat 
tissues (2 to 5 mM) (Weber, 1983, Cancer Res. 43: 3466-3492). In recent years 
accumulated data indicate that giutamine may be an important fuel source of 
cellular energy in a variety of neoplasms, including hematopoietic tumors, 
hepatomas, Ehrlich carcinoma, and HeLa cells (Abou-Khalil, et aL, 1983, Cancer 
Res, 43:1990-1993; Kovacevic, et aL, 1972, J. Biol Chem. 55:326-333; 
Kovacevic, 1971, Biochem. 7. 725:757-763; Reitzer, et aL, 1979, 7. Biol Chem. 
254:2669-2676). 

L-asparaginase, the first enzyme to be intensively studied as an antitumor 
agent in man, is highly effective in the treatment of acute lymphoblastic leukemia. 
This enzyme, however, has little or no activity against any other neoplasms in 
humans. The enzyme glutaminase has activity against a much broader range of 
cancers than asparaginase. 

Several mammalian and microbial glutaminase and glutaminase-asparaginase 
enzymes have been purified and characterized. Of these Pseudomonas 7 A 
glutaminase-asparaginase appears to be best suited for therapeutic use because of 
its low K M for giutamine (micromolar range), good stability and activity in a 
physiological milieu, and long plasma half-life in tumor-bearing hosts (Roberts, 
1976, 7. Biol Chem, 257:2119-2123, and Roberts, et aL, 1979, Cancer Treat. 
Rep. 55:1045-1054). 

The known mammalian glutaminase enzymes are not suitable for use as 
therapeutic agents because of their high K M values (millimolar range), and their 
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requirement for phosphate esters or malate for activation. The £. coli 
glutaminases (A and B) are also unsuited for therapeutic use because of their high 
K M values (millimolar range), low activity at physiological pH (glutaminase A), 
or requirement for special activating substances (glutaminase B). 

Pseudomonas 7A glutaminase-asparaginase is composed of four identical 
subunits with a molecular weight of approximately 35,000. Active enzyme 
sedimentation studies indicate that the catalytic activity is associated with the 
tetramer; no smaller active species are observed (Holcenberg, et al, 1976, 7. Biol 
Chem., 257:5375-5380). The purified enzyme has a ratio of glutaminase to 
asparaginase activity of approximately 2:1. Binding studies with C l4 -labelled 
analogs of glutamine (6-diazo-5-oxo-L-norleucine; DON) and asparagine (6-diazo- 
5-oxo-L-norvaline; DONV) suggest that the two analogs may react preferentially 
with hydroxyl groups at two different sites on the protein, and that the two binding 
sites act cooperatively as part of the active site (Holcenberg, et ai, 1978., 
Biochemistry 1 7: 4 1 1 -4 1 7) . 

Pseudomonas 7A glutaminase-asparaginase was shown to have considerable 
antineoplastic activity against a variety of rodent leukemia (L1210, C1498, 
EARAD/1), ascites tumors (Taper liver, Ehrlich carcinoma, meth A sarcoma, S 
180) and certain solid tumors (Walker 256 carcinosarcoma, B16 melanoma). 
Additionally, antagonism of glutamine by glutamine analogs and glutaminase was 
found to be strongly inhibitory to human colon, breast and lung carcinomas 
growing in athymic mice (McGregor, 1989, Proc. Amer. Assoc. Cancer Res. 
50:578; Roberts, 1979, Cancer Treat. Rep. 5J:1045-1054; Ovejera, 1979, Cancer 
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Res. JP:3220-3224; Houchens, 1979, Cancer Treat. Rep. 5J:473-476; Duvali, 
1960, Cancer Chemother. Rep. 7:86-98). . 

An important characteristic of glutaminase therapy is that resistant strains 
do not develop after repeated treatments with this enzyme (Roberts, 1979, Cancer 
Treat. Rep/63: 1045-1054). Treatment with glutaminase was also shown to delay 
development of resistance against methotrexate (Roberts, 1979, Cancer Treat. Rep. 
63: 1045-1054). 

A bioactive glutaminase-asparaginase has been shown to inhibit mouse 
retroviral disease. Glutamine depletion strongly inhibits the replication of 
Rauscher murine leukaemia retrovirus (RLV) in vitro. Pseudomonas 7A 
glutaminase-asparaginase (PGA), capable of depleting glutamine and asparagine 
for prolonged periods, was used to determine the therapeutic effectiveness, of 
glutamine depletion in mice infected with RLV or Friend virus. During PGA 
treatment of viremic animals, serum reverse transcriptase activity fell to control 
levels and infected animals did not develop splenomegaly. The therapeutic results 
obtained with PGA compare favorably with those of azidothymidine given 
intraperitoneal^ at 30 mg/kg/day (Roberts, 1991, Journal of General Virology, 
72:299-305). 

Despite the promise of glutaminase as a therapeutic agent, there are 
currently no therapeutically useful glutaminases available which can be produced 
cheaply and with little or no contamination by other substances, for example by 
endotoxins of a host microorganism. Moreover, a suitable enzyme is not available 
in quantities which are large enough to allow for wide-spread clinical trails. 
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SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method of inhibiting the 
replication of HIV in infected cells. 

It is another object of the invention to provide a method of inhibiting the 
growth of chancer cells. 

It is yet another object of the invention to provide an E. coli cell which 
comprises a therapeutically suitable glutaminase. 

It is still another object of the invention to provide a DNA molecule 
encoding a therapeutically suitable glutaminase. 

It is an object of the invention to provide a therapeutically suitable 
glutaminase free of Pseudomonas endotoxin. 

It is another object of the invention to provide methods of treating 
transformed cells in a body. 

It is still another object of the invention to provide a therapeutic 
composition for treating neoplastic cells. 

These and other objects of the invention are provided by one or more of 
the embodiments which are described below. In one embodiment a method of 
inhibiting the replication of HIV in HIV-infected cells is provided. The method 
comprises administering a therapeutically suitable glutaminase to HIV-infected cells 
in an amount sufficient to inhibit replication of HIV in said cells. 

In another embodiment of the invention a method of inhibiting the growth 
of cancer cells is provided. The method comprises administering a bound complex 
to tumor cells which express a tumor-associated antigen, the amount of said 
complex administered being sufficient to inhibit DNA synthesis in said tumor cells. 
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The complex comprises: (a) a therapeutically suitable glutaminase and (b) an 
antibody immunoreactive with a tumor associated antigen. 

In yet another embodiment of the invention an E. coli cell is provided 
which comprises a Pseudomonas 7A glutaminase-asparaginase gene. 

In still another embodiment of the invention an isolated and purified DNA 
molecule is provided. The molecule comprises a nucleotide sequence coding for 
a therapeutically suitable glutaminase. 

In one embodiment of the invention a cell-free preparation of a 
therapeutically suitable glutaminase is provided. The preparation is free of 
Pseudomonas endotoxin. 

In another embodiment of the invention a method of treating transformed 
cells in a body is provided. The method comprises: administering a plasmid 
comprising the nucleotide sequence of SEQ ID NO:l, said sequence under the 
transcriptional control of a tissue-specific promoter, said plasmid coated with poly- 
L-lysine covalently linked to a tissue-specific ligand. 

In still another embodiment of the invention a therapeutic composition is 
provided. The composition comprises: a complex comprising a therapeutically 
suitable glutaminase and an antibody which is specific for a tumor-associated 
antibody. 

In another embodiment of the invention a method of treating a tumor- 
bearing patient is provided. The method comprises the steps of: obtaining tumor 
infiltrating lymphocytes from a tumor-bearing patient; transfecting said tumor 
infiltrating lymphocytes with a vector which causes expression of Pseudomonas 7 A 
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glutaminase in human cells; and administering said transfected tumor infiltrating 
lymphocytes to the patient to supply said tumor with Pseudomonas 7 A glutaminase. 

In still another embodiment of the invention, a method of treating a tumor- 
bearing patient is provided which comprises the following steps: obtaining tumor 
infiltrating lymphocytes from a tumor-bearing patient; complexing said tumor 
infiltrating lymphocytes with a vector comprising the nucleotide sequence of SEQ 
ID NO:l, said vector causing expression of Pseudomonas 7 A glutaminase in 
human cells; and administering said complex of lymphocytes and vector to the 
tumor-bearing patient to supply said tumor with Pseudomonas 7 A glutaminase, 

The present invention thus provides the art with new and useful anti-tumor 
and anti-viral therapeutic agents, as well as tools for making them and methods for 
using them. 

The cloning and expression of the gene that encodes Pseudomonas 7A 
glutaminase-asparaginase in E. coli increases the glutaminase produced per liter 
of culture at least 12-fold, relative to the yield in Pseudomonas 7A. This markedly 
reduces the production cost of glutaminase and enables widespread clinical trials. 
Additionally, by producing the glutaminase in £. coli contamination of the 
antitumor drug by highly toxic Pseudomonas endotoxin is avoided. 

BRIEF DESCRTPTTON OF THE INVENTION 

Figure 1 shows the nucleotide and deduced amino acid sequence of the 
Pseudomonas 7A glutaminase gene. The top strand of the coding DNA sequence 
is shown from 5' - 3/ The numbers shown indicate nucleotide base pairs. The 
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deduced peptide sequence is shown below the DNA sequence. The engineered N- 
terminal methionine residue is not shown. 

Figure 2 depicts the sequencing strategy for the Pseudomonas 7A 
glutaminase gene. Figure 2A: Map of the P7A glutaminase showing selected 
restriction "sites, the shaded area depicts the region encoding the actual gene 
product. Hatch marks represent 100 bp. Arrows below this figure show the 
approximate positions and orientations of sequencing primers with their 
accompanying names. The arrows with stops indicate the extent and direction of 
individual sequencing experiments. Figure 2B: Names, sequences, and 
coordinates of sequencing primers are shown. Numbering is from the AAG 
encoding the N-terminal lysine residue. 

Figure 3 A depicts recombinant constructs with P7A glutaminase. "Ap r " is 
a ^-lactamase gene, conferring ampicillin resistance. "T" represents a 
transcriptional terminator. "Pftzc" is the promoter, "ori" is the pBR322 origin of 
replication. 

Figure 3B shows the construction of a P7A glutaminase over-expressing 
plasmid. 

Figure 4 shows denaturing polyacrylamide gel electrophoresis of crude 
extracts. Lane 1 shows an uninduced control and lanes 2-4 show inductions in 
whole cell extracts. The arrow indicates the position of the induced glutaminase 
band. 

Figure 5 depicts the induction by IPTG of PGA expression in E.coli 
containing pME18. 
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Figure 6 shows hybridization of heterologous DNA to Pseudomonas 7A 
/ glutaminase sequences. Lane 1, Pseudomonas 7A; lane 2, Pseudomonas 
Aeruginosa; lane 3, Achromobacter sp. 



DETAILED DESCRIPTION OF THE INVENTION 
5" It is a discovery of the present invention that glutaminase enzymes can be 

molecularly cloned in host organisms, despite the obstacle of host cell toxicity. 
Glutaminase activity must be strictly regulated in this process, because it is toxic 
to the host cells. Applicants have found that by means of a promoter which must 
be induced to express a downstream gene, as well as by using transcriptional 

; - terminators both 5' and 3' to the gene, that the glutaminase activity in the host cell 
can be controlled to a sufficient extent for the host cells to survive without loss of 
the DNA which encodes glutaminase. When the molecular clones are expressed 
in desirable host cells, glutaminase can be produced without contamination by 
endotoxins. It is a further finding of the present invention that glutaminase has 

1 1 inhibitory activity against human immunodeficiency virus (HIV) replication in 
infected cells. Moreover, it has been found that when glutaminase is complexed 
with anti-tumor antibodies and administered to tumor cells, that the growth of the 
tumor cells is inhibited to an extent far exceeding the inhibition by either 
glutaminase or antibody alone. 

Glutaminase enzymes according to the present invention are therapeutically 
suitable if they display high enzyme activity at physiologic pH, i.e. , between about 
pH 6.5 and 8.5. Therapeutically suitable glutaminase enzymes must have a low 
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^ K M , i.e. , between 10~ 6 and lO^ 4 M. Additionally desirable properties of 

glutaminase enzymes for therapeutic use include: 
L High stability at physiologic pH. 

2. Retains high activity and stability in animal and human sera and 
- blood. 

3. Cleared slowly from the circulation when injected into animals or 
humans. A plasma half-life (t J for glutaminase greater than six 
hours in mice and sixteen hours in humans is desirable. 

4. -Not strongly inhibited by the products of the reaction it catalyzes or 
/ o by other constituents normally found in body fluids. 

5. Does not require cofactors or prosthetic groups that can easily 
dissociate from the enzyme. 

6. Narrow substrate specificity. 

7. Effective irreversibility of the enzymatic reaction under physiologic 
conditions. 

8. Available from an organism that contains low levels of endotoxin. 
/ 9. Low immunogenicity. 

A number of amino acid-degrading enzymes that do not exhibit antitumor 
activity also fail to meet at least one of these criteria. For instance, E. coli 
glutaminase has a pH optimum of 5 and essentially no activity at physiologic pH. 
An ineffective form of £. coli asparaginase has a K M over 1 mM. Asparaginase 
enzymes from yeast, Bacillus coagulans, and Fusarium tricinaum all have 
excessively rapid clearance rates in mice. 
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The nucleotide sequence of one such therapeutically suitable glutaminase 
gene which was cloned is shown in SEQ ID NO:l. It is derived from the 
organism Pseudomonas 7 A (P7A). The intact coding region encompasses 1008 
base pairs and encodes a continuous polypeptide sequence of 336 amino acids (not 
including a 24 amino acid putative signal sequence). The C-terminus is 
punctuated by tandem stop codons and a putative transcriptional terminator. 

The P7A glutaminase sequence which is disclosed here can be used to 
identify similar sequences encoding similar proteins. (See Watson, J.D. et al., in 
"Molecular Biology of the Gene." Benjamin/Cummings Publishing Company Inc., 
Menlo Park CA, Vol. I, p. 608 (1987)). For example, Southern hybridization 
experiments can be carried out in which prokaryotic or eukaryotic organismal 
DNA is probed with all or part of the glutaminase gene of the present invention. 
Typically probes contain at least about 15 bases of the glutaminase sequence in 
order to ensure that other non-related sequences do not hybridize. Sufficiently 
high temperature and tow salt concentrations further reduce hybridization to non- 
related sequences. Using such techniques, homologous genes have been found to 
dnaA of E. coli in Pseudomonas putida (Ingmer and Atlung, Mol. Gen. Genet. 
232, 431 (1992)) and to ras in a variety of eukaryotic organisms (Matsui, Gene 
76:313 (1989) and Hon, Gene 105:91 (1991)). There is a high probability that 
DNA sequences that hybridize to the P7A glutaminase DNA represent genes 
encoding enzymes of similar function. Genes which are isolated by this technique 
can be expressed, and the enzymes can be tested to determine if they share the 
desirable characteristics identified for the P7A glutaminase. 
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Probes contemplated by the present invention may be designed, as is known 
in the art, using the precise nucleotide sequences disclosed here for the P7A 
glutaminase gene, or based on the amino acid sequence of the enzyme. Thus for 
some purposes it may be desirable to employ degenerate probes, i.e., a mixture 
of probes whose sequences encode the same amino acids but contain different 
codons. Use of such probes should allow a broader range of homologous genes 
to be identified. 

Using the DNA sequence of the P7A glutaminase (PGA), it is now possible 
to obtain other glutaminase genes from other organisms using complementation 
cloning. This is a technique which can be used even when there is no cross- 
hybridization or immunological cross-reactivity between two glutaminase genes or 
proteins. See Kranz, et al. t Proc. Natl Acad. ScL 87:6629 (1990). Generally, 
the target organism is mutagenized and mutants are selected for an inability to 
utilize glutamine as a carbon and/or nitrogen source. Transformation with the P7A 
glutaminase should restore glutamine utilization in some of the selected mutants. 
These organisms should contain mutations in a gene homologous to PGA. 
Reversion of this mutant phenotype by introduction of DNA isolated from wild- 
type organisms can then be used as an assay to screen for the PGA homolog. 

Provided the amino acid sequence of the glutaminase gene from P7A, as 
shown in SEQ ID NO:2, antibodies can routinely be obtained. These can be 
raised using peptide fragments or the complete protein as immunogens. The 
antibodies can be polyclonal or monoclonal, as is desired for the particular 
purpose. Antibodies can be used for screening strains for related enzymes, for 
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quantitating the amount of enzyme present in a cell, and for detecting molecular 
clones from a library of clones. 

The glutaminase genes according to the present invention can be readily 
modified to increase their compatibility with the host organism. For instance, 
codon usage varies from one organism to another. Therefore, it may be desirable 
in order to increase expression efficiency of the glutaminase, to alter the codons 
to conform to the codon usage pattern of the host. Such changes would not alter 
the amino acid sequence of the glutaminase but only the gene sequence. Such 
changes can be accomplished by any means known in the art, for example, 
oligonucleotide-directed mutagenesis can be used to introduce changes into a gene 
sequence. Alternatively, the entire gene can be synthesized. 

Natural glutaminase contains a secretion signal, i.e., an N-terminal amino 
acid sequence of about 20 amino acids which is responsible for secretion through 
the cell membrane to the periplasmic space. Under some conditions, it may be 
beneficial to include a signal sequence in a glutaminase expression construct. The 
natural signal sequence may be used, or other signal sequences may be grafted 
onto the mature glutaminase sequence, to accomplish secretion of the enzyme. 
Use of a signal sequence may be advantageous for the expression of glutaminase, 
because it may diminish the toxic effect on the host cell. One signal sequence 
which may be used is the E. coli ompT signal. This signal, like others, is well 
known in the art. Secretion of glutaminase from the host cell may facilitate 
purification of the enzyme and should lead to the formation and recovery of 
authentic glutaminase. 
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Inducible promoters are desirable for expression of glutaminase because of 
the enzyme* s inherent toxicity to living cells. Some inducible promoters which 
may be used are lac, tac, trp t mal> and P L . Choice of a promoter is within the 
skill of the art. 

Transcriptional terminators are also desirable both 5 1 and 3' to the 
glutaminase gene to prevent "read- through" expression. Many terminators are 
known and can be used. For a review see Watson, J.D. et al., in Molecular 
Biology of the Gene, Benjamin/Cummings Publishing Co,, Menlo Park, CA, Vol 
I, pp. 377-379 (1987). One terminator which Applicants have found useful is that 
of the T7 phage. 

Modifications of the glutaminase gene were made for ease of production of 
enzyme in E. coli. In one such modified gene methionine is added at the N- 
terminus of the mature protein. In another such modified gene methionine, 
asparagine, and serine were added at the N-terminus of the mature protein. 
Neither of these additions destroyed enzyme activity or substrate specificity. Other 
similar changes are contemplated within the scope of the invention which do not 
significantly affect enzyme function. 

According to the practice of the present invention it may be desirable to 
make modifications to the structure of glutaminase in order to improve its 
therapeutic properties or the ease of producing it. For example, it may be 
desirable to eliminate portions of the protein, by premature truncations or targeted 
deletions, to eliminate portions which are not essential for enzymatic function. A 
smaller protein may provide an improved therapeutic index by virtue of increased 
permeability into tumor masses, for example. Similarly, point mutations are also 
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contemplated which may improve therapeutic or production characteristics. These 
may be achieved by directed or random mutagenesis, as is known in the art, or by 
thermocycle mutagenic amplification. 

In addition, it may be desirable to produce chimeric proteins between 
glutaminase 'and other proteins. For example, it may be desirable to fuse genes 
encoding anti-tumor antibodies with the glutaminase gene of the present invention. 
As taught here, covalent complexes of these proteins can produce dramatic 
synergistic effects in the arresting of growth of tumor cells. It may provide 
production benefits to produce such complexes as a chimeric protein, rather than 
to post-translationally join the two proteins together in vitro. Fusing the 
glutaminase gene to other genes is also contemplated by the present invention, such 
as fusing to genes which encode tissue- or tumor-specific ligands, to facilitate 
direction of glutaminase to a desired region of the body. 

The present invention offers the possibility of obtaining an asparaginase- 
free glutaminase which may have therapeutic advantages over glutaminase- 
asparaginase enzymes, since L-asparagine serves as a competitive inhibitor of 
glutamine degradation. Elimination of asparaginase activity from this enzyme may 
also reduce host toxicity. There are currently no therapeutically useful 
glutaminases available which lack asparaginase activity. 

Inactivating the asparagine binding site of P7A glutaminase without 
affecting the glutamine binding site can be achieved, since binding studies with 
glutamine and asparagine analogues, DON and DONV, respectively, indicate that 
the glutamine and asparagine sites are not identical, though spatially they are close 
together. DON irreversibly binds the threonine at amino acid 20, whereas DONV 
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appears to bind to a threonine or serine residue in a different region of the protein. 
The corresponding site-directed mutagenesis of the cloned DNA may be carried 
out according to standard techniques (Molecular Cloning, a laboratory manual - 
Sambrook et al. - Book 2, 2nd Ed., 1989, pp. 15.80 - 14.113, Site-directed 
Mutagenesis of Cloned DNA). 

Through oligonucleotide and deletion mutagenesis, an enzyme that is 
exclusively glutaminase and that is sufficiently small to allow for improved 
penetrability of tumors and virus-infected tissue located in the extravascular space 
can be obtained. The DNA obtained according to Example 1 may be used. By 
analysis of the amino acid sequence (as deduced from the nucleotide sequence) and 
of X-ray crystallographic data, regions of the glutaminase protein that are not 
required for catalysis or structural integrity can be identified and can be deleted 
at the DNA level by deleting the relevant nucleotide sequences. 

The glutaminase gene of the present invention can be used for transient 
gene therapy. Generally, the gene can be targeted to and taken up by transformed 
cells and expressed in those cells, so that the expressed glutaminase inhibits the 
growth of the transformed cells. This therapy has the benefit of avoiding the 
systemic exposure to the therapeutic agent, which may mitigate potential side- 
effects. In addition, if the cells are only transiently transfected, as is 
contemplated, the therapy is reversible. 

One method which is contemplated for accomplishing this goal is the use 
of poly-L-lysine which has been modified with a tissue-specific ligand, as 
described by Wu et al. J. Biol. Chem. 266:14338-42 (1991). Examples of such 
tissue-specific ligands are galactose receptor of the liver, mannose receptor of 
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macrophages, CD4 receptor of helper T cells, epidermal growth factor (EGF) 
receptor , and thyroid stimulating hormone (TSH) receptor. The glutaminase gene 
would be placed under the transcriptional control of a tissue-specific promoter. 
For example, the promoters from c-N~ras and c-myc could be used for expression 
in hepatic tumors. These promoters are up-regulated in transformed cells, as 
compared to normal cells, and would therefore provide higher levels of expression 
in tumor cells than in normal cells. Plasmids are coated with the modified poly-L- 
lysine and injected into the bloodstream of the patient. The target cells will 
specifically take up the complexes due to the tissue-specific ligands. The target 
cells will specifically express the glutaminase construct due to the tissue-specific 
promoters. Since certain neoplasms have been shown to operate at a marginal 
level of glutamine availability, and the expression of glutaminase in these cells 
further depletes the glutamine pool in the tumor cells, the growth of these cells is 
specifically inhibited. Such a treatment should be useful against both fully 
transformed cells as well as cells in the early states of neoplasia, such as early 
stages of hepatitis B virus (HBV) infection. Since HBV activates expression of 
c~myc, it would also be expected to up-regulate this promoter in a glutaminase 
construct controlled by this promoter, leading to high level expression of 
glutaminase, which should kill the virus-infected cells. 

Another technique for mediating uptake of the PGA gene by transformed 
or HIV-positive cells utilizes liposomes. (See Nicolau et al., Methods in 
Enzymology, vol. 149, pp. 157-176 (1987).) Cationic liposomes containing a 
vector able to express PGA are modified by the addition of specific receptor 
ligands or antibodies to the liposome bilayer. (See Hashimoto et al.. Methods in 
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Enzymology, vol. 121, pp. 817-829 (1986).) As with the polylysine method 
discussed above, liposomes have been used to successfully mediate the specific 
uptake of foreign DNA in vivo by liver cells through the galactose receptor. 

Using the combination of cationic liposomes or polylysine as carriers of a 
PGA-expressing vector and tissue-specific reagents for targeting, glutaminase can 
be very specifically and transiently expressed in any tissue or cell of choice. Such 
tissue-specific reagents for targeting would include specific antibodies to surface 
markers and any manner of ligand for any specific cellular receptor. For example, 
the glutaminase gene can be specifically delivered to CD4+ T cells (the type 
infected by HIV) in AIDS patients using a portion of the HIV coat protein that 
binds the CD4 antigen, as a ligand on a modified liposome. Carbohydrate 
modified liposomes containing a PGA expression system can also be used; the 
galactose receptor of liver, mediates the uptake of such modified liposomes. In 
addition to using ligands for receptors on the cell surface, antibodies to cell surface 
markers can be utilized in a similar manner to deliver these reagents to virtually 
any cell type. 

An additional technique which can be useful in the treatment of patients 
with PGA is the use of carrier cells. (See Rosenberg, Cancer Res. (SuppL). vol. 
51, pp. 5074s-5079s (1991).) This technique takes advantage of the fact that 
certain T cells have the ability to infiltrate tumors (tumor infiltrating lymphocytes). 
These cells are taken from the cancer patient, transfected with a glutaminase 
expression vector, and returned to the patient. Upon return to the body and 
infiltration into the neoplasm, a high local level of glutaminase is provided. 
Alternatively, a Afunctional carrier can be utilized. Instead of transfection of the 



WO 94/13817 PCT/US92/ 10421 

- 19 - 

infiltrating lymphocytes with the PGA expression vector, the vector can be targeted 
to a specific surface marker on the lymphocytes as detailed above, for example 
using a monoclonal antibody in conjunction with poly-L-lysine. The presence of 
an additional targeting ligand (specific for the tumor cells) attached to the vector 
allows uptake" of the PGA expression vector by the target tumor cells. Essentially, 
the infiltrating lymphocyte is used as a carrier to "drag" the expression vector to 
the tumor. 

Administration of glutaminase to a body can be accomplished by any means 
known in the art. Glutaminase may be directed to particular organs or tissues by 
administration to arteries which feed the organs or tissues or by means of an organ 
or tissue-specific ligand. Direct conjugation of the PGA enzyme to functional 
targeting groups can be employed. These groups include antibodies, lectins, 
carbohydrates, hormones, peptides, or other compounds that can interact with cell 
surface molecules. For specific examples of this see Methods in Enzymology, vol. 
112, pp. 238-306 (1985). 

Glutaminase can be bound to antibodies, for example, those specific for 
tumor-associated antigens. A variety of techniques are known for complexing two 
proteins, any of which can be used with glutaminase, so long as enzyme activity 
and antibody binding capacity are not destroyed. Suitable techniques include those 
employing the heterobifunctional reagents SPDP (N-succinimidyl-3-(2-pyridyl 
dithio)propionate [Carlsson et al., Biochemical Journal vol, 173, pp. 723-737 
(1978)] or SMPT (4-succinimidyl~oxycarbonyl-a-methyl-c*-(2-pyridyl 
dithio) toluene) [Thorpe et al. Cancer Research, vol. 47, pp. 5924-5931 (1987)]. 
A large number of antibodies have been described which are specifically reactive 
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with tumor-associated antigens. Many are available from the American Type 
Culture Collection, 12301 Parklawn Drive, Rockville, Maryland 20852, including 
those to breast, lung and melanoma tumor cells. For a review of tumor-specific 
antibodies see Foon, Cancer Research, vol. 49, pp. 1621-1631 (1989). 

Tissue culture experiments with Pseudomonas 7A glutaminase (PGA) 
demonstrate that this enzyme strongly inhibits replication of human 
immunodeficiency virus (HIV) growing in the susceptible human T cell line H9. 
The presence of 0.4 jig PGA/ml culture medium caused virtually 100% inhibition 
of viral replication and 0.016 pg/ml caused 50% inhibition. A much greater 
concentration of PGA (50 ^g/ml) was required to cause noticeable toxicity to the 
human H9 host cells. Although the tissue culture inhibition has been shown for 
HIV I-virus, other variant strains may also be inhibited. 

These tissue culture results indicate that PGA is much more toxic to HIV 
than to the host human cells and it is expected that PGA will exhibit a high 
therapeutic index when administered to HIV-infected patients. Moreover, in 
combination with the glutamine antimetabolite DON, PGA proved to be 
particularly successful in the treatment of lung, breast or colon cancer. 
(McGregor, 1989, Proc. Amer. Assoc, Cancer Res. 50:587). 

A DNA molecule which codes for a therapeutically suitable glutaminase 
and its corresponding polypeptide can be isolated from a microbial, animal or plant 
cell using oligonucleotide probes prepared according to known glutaminase protein 
sequences. Preferably, the DNA is isolated from Pseudomonas 7A cells. 
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Example 1 

This example demonstrates the identification of a clone containing the sequence 
coding for Pseudomonas 7A glutaminase and determination of its nucleotide 
sequence. 

The glutaminase product is an enzyme that degrades glutamine (an amino 
acid that participates in more metabolic processes than any other amino acid) and 
therefore hinders growth. In more than two dozen independent experiments, we 
had been unable to clone the glutaminase in a variety of contexts. We have found 
it unclonable in high copy number backgrounds such as pUC. It also proved 
refractory to cloning in the absence of an upstream transcriptional terminator and 
a very tightly regulated promoter. 

Chromosomal DNA was isolated from Pseudomonas 7A (a soil isolate 
organism, which has been deposited with the American Type Culture Collection 
under deposition number ATCC 29598) essentially as described (Strom, 1986, 7. 
Baaeriol 755:367-372), and was partially digested with the restriction enzyme 
Sau3A. Fragments of this digest averaging 5-10 kb were isolated by preparative 
agarose gel electrophoresis, and cloned into the BamHI site of the vector pBR322. 
The resultant genomic library (in £. coli strain LE392, ATCC accession no. 
33572) was screened using mixed oligonucleotide probes (Wallace, et aL, 1981, 
Nucleic Acids Res. 9:879-89, and Paddock, G.V., 1987, Biotechniques 5:13-16). 
Partial peptide sequence information was obtained and used to deduce the three 
oligonucleotide probes shown in Table 1. Oligonucleotide probes were selected 
for peptide sequence information from the amino terminus of the enzyme (probe 
A), from the carboxyl terminus (probe C), and from a peptide near the middle of 
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the protein (probe B). Probe B was selected for the initial screening of 3560 
ampicillin-resistant transformants. From the initial screening two hybridization 
positive clones were identified. These were rescreened using probes A and C. 
Both clones hybridized to probe A, but only one of the clones, pME0.5, 
hybridized -with probe C. Because pME0.5 had hybridized with all three probes, 
it was selected for further analysis. 

Crude cell extracts of strain LE392 transformed with plasmid pME0.5 were 
prepared by breaking aliquots of an overnight culture, and centrifuging the 
homogenate at 15,000 rpm to remove unbroken cells and cell debris. The 
resulting supernatant was assayed for glutaminase activity by direct Nesslerization 
of ammonia (Roberts, J., 1976, 7, Biol. Chem. 257:2119-2123). To minimize 
interfering activity by either of the E. coli glutaminase enzymes, the enzyme assay 
was carried out at pH8.0 and utilizing D-glutamine as the substrate. Neither E. 
coli enzyme is active under these conditions, while the Pseudomonas 7A 
glutaminase (PGA) retains 87% of its activity (Pruisner, 1976, J. Biol Chem., 
257:3447-3456 and J. Roberts, 1976, J. Biol. Chem. 257:2119-2123). Control 
experiments with crude cell extracts confirmed the efficacy of this assay to 
measure PGA activity in the absence of E. coli glutaminase activity. No activity 
was found. 
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Table 1. OLIGONUCLEOTIDE PROSES USED FOR DETECTING THE 

GLUTAMINASE GENE 

Peptide Sequence NH,-Lys-Glu-Val-Glu-Asn 
(1-5) 

Probe A AA (AG) GA (AG) GT ( TCAG ) GA (AG) AA 

(14-mer x 32) 

Peptide Sequence Met-Asn-Asp-Giu-I le-Glu 
(161-166) 

Probe B ATGGA (TC) GA (TC) GA (AG) AT (TCA) GA (AG) 

(18-mer x 48) 



Peptide Sequence Ile-Phe-Trp-Glu-Tyr-COOH 
(332-336) 

Probe C 

(14-mer x 12) AT (TCA) TT (TC) TGGGA (AG) TA 

In order to confirm the identity of the putative PGA clone, the region of homology 
to the probes used for screening was localized by Southern blot analysis, and the appropriate 
fragments were partially sequenced. This analysis identified a 1.1 Kb Sail fragment which 
hybridized to probe A, and a 1.5 Kb Sail fragment which hybridized to probe B. This 
indicated that there was a Sail site within the gene, and that sequencing from this site would 
immediately confirm the identity of the gene as PGA by comparing the nucleotide sequence 
with the known amino acid sequence. Sequencing of the 1.1 kb Sail fragment showed that 
this fragment encodes the N- terminal 42 amino acids of the glutaminase. 

For convenient sequencing, various fragments of the glutaminase coding region were 
sub-cloned into a ColEl-based plasmid using standard protocols Sambrook, et aL, supra. 
These include the 1.1 kb N-terminal Sail fragment (pMEl), the 1.5 kb C-terminal Sail 
fragment (pME2) f the thermocyle amplification-mutagenized N-terminus (pME3), and the 
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200 bp C-terminal PstI fragment (pMEll). Numerous sequencing primers were synthesized 
using pre-determined glutaminase DNA sequences (see Fig. 1). 

Using both the full-length clone, pME0.5, and the sub-cloned gene fragments, the 
glutaminase gene was sequenced in both directions by Sanger's chain-termination DNA 
sequencing method -Proc. Natl. Acad. Sci. USA 74:5963 (1977). The purified double- 
stranded templates were denatured by the standard alkaline-denaturation method. 

The intact coding region (SEQ ID NO: 1) encompasses 1008 base pairs and encodes 
a continuous peptide sequence of 336 amino acids (not including a 24 amino acid putative 
signal sequence). The C-terminus is punctuated by tandem stop codons and a putative 
transcriptional terminator. Based on matching this sequence information with the peptide 
sequencing data, it was concluded that the PGA gene had indeed been cloned. 

Example 2 

This example demonstrates the expression of the gene for PsBudoTnonas 7A 
glutaminase. 

Initial experiments showed that even among strong, regulated promoters (e.g. 
XPJPGA was refractory to overproduction. In order to obtain high level controlled 
expression of the Psuedomonas 7A (P7A) glutaminase in Escherichia coli, we first designed 
a new vector, pME15 (see Figs. 3A and 3B for cloning, and Table 2). The backbone of the 
vector was pME12 (see Table 2) and contains the following features: jS-lactamase gene 
(conferring ampicillin resistance), lac I (repressor of the lactose operon), a T7 transcriptional 
terminator, and a low copy-number ColEl-type origin of replication (pBR322-derived). 
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Table 2: Plasmids Used in Construction 
of a High-Level Expression Plasmid 



pMEO.5 - genomic clone from a library of Sau3A fragments of 
P7A chromosomal DNA cloned into the BamHI site of 
pBR322. This clone contains the full-length 
giutaminase gene. 

pMEl - the N-terminal 1.1 kh Sail fragment of pMEO.5 cloned 

into the Sail site of a ColEl-based plasmid. 

pME2 - the C-terminal 1.5 kb Sail fragment of pMEO.5 cloned 

into the Sail site of a ColEl-based plasmid. 

pME3 - the thermocycle amplification mutagenized front end 

of the P7A giutaminase containing a BamHI site and an 
Ndel site at the N-terminus and a BamHI site after 
the first Sail site cloned into a ColEl-based 
plasmid. 

pME4 - pME3 cut with EcoRV and Kpnl, flushed with T4 DNA 

Polymerase and re-ligated. This deletes the Sail 
site in the polylinker, leaving the Sail internal to 
the giutaminase as unique. 

pME7 - The 90bp HinDIII /BamHI Ftac-containing fragment 

resulting from the ligation of overlapping 
oligonucleotides (Table 3) cloned into pUC19. 

pMEll - The 200 bp PstI fragment from pME2 which flanks the 

stop codon of the P7A giutaminase was cloned into the 
PstI site of a ColEl-based plasmid. 

pME12 - pBR322 with the E. coll lad gene within the tet gene 

at the Sail site and the T7 transcriptional 
terminator at the BamHI site. 

pME14 - the 1.5 kb Sail fragment from pME2 was cloned into 

pME4, reconstituting the full-length giutaminase 
gene . 

pMElS - The HinDIII/EcoRI fragment from pME7 (containing 

Ptac) was cloned into pM£12. 

pME16 - The BamHI cassette of pME14 containing the 

giutaminase gene was cloned into the BamHI site of 
pME15. This should give the tac promoter driving 
giutaminase expression. 

pME18 - pME16 was opened at the unique Ndel site at the N- 
terminus of the giutaminase and filled in with the 
Klenow fragment of E. coll DNA Polymerase I. This' 
blunt-end product was re-ligated f yielding a distance 
of 9 bases between the Shine-Dalgarno sequence and 
the giutaminase start codon. This should give 
optimal levels of expression. 
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Table 3: Oligonucleotides Used in Construction 
of a High Level Expression Plasmid 



Primers for thermocycle amplification mutagenesis of the glutaminase: 
N-terminus 

GCCGGATCCA TATGAAGGAA GTGGAGAACC AGCAG 

Internal Sail site 

GCGCGGATCC GTCGACGCCA ACCTTGGCAG 

Mutagenized N-terminus of the glutaminase 
GGATCCAT ATG AAG GAA GTG GAG AAC 

Met Lys Glu Val Glu Asn. . . 

Oligonucleotides for tac promoter 
top: 

AGCTTACTCC CCATCCCCCT GTTGACAATT AATCATCGGC TC 

GTATAATGTG TGGAATTGTG AGCGGATAAC AATTTCACAC AGGAAACAG 
bottom: 

GATCCTGTTT CCTGTGTGAA ATTGTTATCC GCTCACAATT CCACACA 

TTATACGAGC CGATGATTAA TTGTCAACAG GGGGATGGGG AGTA 

Filled in product of pME18 



lacO 



S.D. 



S.D. 



5 ' 



AATTGTGAGCGGATAACAATTT CACAC 



AGGA AAC 



AGGA TCCATAT ATG 



AAG 



Met 



Lys 



GAA GTG GAG AAC 3' 
Glu Val Glu Asn . . . 
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We chose as our promoter the tac (hybrid trp/lac) promoter containing a lac operator 
sequence (conferring susceptibility to repression by lac 7). (deBoer, et aL , Proc. Natl. Acad. 
Sci. USA, 80:21 (1983), and Russel, et aL, Gene 20:231 (1982).) We synthesized 
overlapping oligonucleotides which were ligated and cloned as a BamHI/Hindlll fragment 
into the cloning vector pUC19, resulting in pME7. The BamHI/EcoRI fragment of pME7 
was cloned into pME12 to form pME15. This provides the tac promoter controlled by lac 
I and hence, it is inducible with isopropyl-/3-thio-D-galactoside (IPTG). This promoter is 
active in the same orientation as the unidirectional origin of replication and will therefore not 
interfere with plasmid propagation. A transcriptional terminator is present immediately 
upstream of the transcriptional start site, eliminating "read-through" transcription. The 
combination of control by lac I and an upstream transcriptional terminator provides a vector 
with the ability to stably propagate and express even the toxic glutaminase genes. 
Additionally, having a plasmid-encoded lac I gene also allows for virtual host independence. 

As we have previously observed, the full length P7A glutaminase is present on two 
Sail fragments: a 1.1 kb fragment containing the N-terminus of the gene and a 1.5 kb 
fragment containing the C-terminus. In order to clone this gene into an expression system, 
we wished to engineer the sequence at the N-terminus to provide convenient sites for 
restriction endonuclease. This would allow the cloning of the gene into numerous established 
expression vectors in addition to our vector, pME15. For this reason, we used mutagenic 
thermocycle amplification primers (see Table 3) to generate a BamHI site and an Ndel site 
at the N-terminal lysine residue. This mutagenesis also adds a methionine residue 
immediately upstream of the N-terminal lysine. We also added a BamHI site after the 
internal Sail site. 
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The thermocycle amplification-mutagenized N-terminal fragment of the giutaminase 
gene was cloned into a ColEl-based vector as a BamHI fragment (pME3). The polylinker 
between Kpnl and EcoRV was deleted removing the endogenous Sail site, generating pME4. 
The full-length giutaminase was reconstituted by ligation of the 1.5 kb Sail fragment, 
encoding the C-terminus, into the unique Sail site of pME4, yielding pME14. The 1.7 kb 
BamHI fragment from pME14 was cloned into the expression vector pME15. This clone 
(pME16) provides giutaminase expression driven by the tac promoter. In an attempt to 
achieve higher levels of expression, we opened pME16 at the Ndel site and filled it in using 
the Klenow fragment of £. coli DNA Polymerase L Upon re-ligation, the spacing between 
the Shine-Dalgarno sequence and the translation start-site became optimal (see Table 3). 

This vector (pME18) is stable and directs expression of authentic P7A giutaminase. 
It has been deposited at the American Type Culture Collection under the terms of the 
Budapest Treaty on November 3, 1992, and assigned the accession no. 69117. For the 
purpose of protein production, cells were grown to mid-log phase at 37°C and treated with 
0.4 mM IPTG for 1-6 hours. Protein production was monitored by denaturing 
polyacrylamide gel electrophoresis (Fig. 4) and giutaminase specific activity. Such culturing 
has yielded activities as high as 4100 U/liter of culture, representing approximately 3% of 
the total cellular protein. Since Pseudomonas P7A produces only 350 U/liter, this represents 
a 12-fold increase in enzyme production. 

In order to assure that the observed activity was contributed by the Pseudomonas 
giutaminase as opposed to endogenous E. coli giutaminase A and B, the reaction was 
repeated with D-glutamine at pH 8. Only Pseudomonas enzyme functions under these 
conditions; in fact, it converts D-glutamine to glutamate 87% as efficiently as it converts L- 
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glutamine. The results demonstrate that all the measurable activity was contributed by PGA. 
Bradford protein assays were also done on the crude cell extracts to allow calculation of the 
enzyme, activity as specific activity. Samples of each extract were also analyzed on SDS- 
PAGE gels essentially as described by Laemmli (Laemmli, U.K. (1970) Nature (London) 
227:680-685). The. resulting enzyme induction curve is shown in Figure 5, where the 
increase in glutaminase activity in the cell extract using D-glutamine as substrate is shown. 
As can be seen, the activity of the enzyme utilizing D-glutamine as a substrate increases over 
4000-fold after IPTG induction, while control culture shows virtually no increase in D- 
glutaminase activity. 

For the sake of efficient translation of the glutaminase in E. colt, an N-terminal 
methionine codon was added (see Table 3). It was of some concern whether or not this extra 
amino acid would alter the activity of the enzyme. To test this, we measured enzyme activity 
against L- and D-glutamine as well as L- and D-asparagine. The ratios of activity between 
the L- and D-isomers were the same for both the native and the engineered enzyme (e.g., 
L-: D-glutamine and L-: D-asparagine). Another concern was that this alteration might 
adversely effect the in vivo half-life. To test this, we performed in vivo half-life studies in 
mice; both enzymes showed the same in vivo half-life. Based on these combined data, we 
conclude that the extra N-terminal methionine residue does not alter the biological activity 
of the enzyme. 

Example 3 

This example demonstrates the use of P7A glutaminase sequences to identify 
homologous sequences in other bacterial species. 
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Chromosomal DNA from Pseudomonas aeruginosa and Achromobacter sp. was 
isolated using standard protocols. After complete digestion with EcoRI, DNA fragments 
were resolved on a 30 cm, 1 % agarose gel at 50V for 15 hours in 89 mM Tris-Cl, pH8; 89 
mM Borate; and 1 mM EDTA. Transfer and hybridization were as described (Maniatis et 
al. Molecular cloning; A laboratory Manual, pp. 382-389, Cold Spring Harbor Laboratory, 
Cold Spring Harbor, N.Y. 1982) using stringent conditions. The probe was the coding 
region of the P7A glutaminase gene labeled with a- 32 P deoxycytosine triphosphate. Lane 1, 
Pseudomonas 7 A (2 hr. exposure); lane 2, Pseudomonas aeruginosa (6 hr. exposure); lane 
3, Achromobacter sp. (24 hr. exposure). Results are shown in Figure 6, 

Example 4 

This example demonstrates in vitro inhibition of human melanoma cells by glutaminase linked 
to anti-melanoma antibody. 

Human melanoma cells (Heatherington) were incubated in vitro for 30 minutes with 
either free R24 anti-melanoma antibody, free glutaminase, or covalently bound antibody- 
glutaminase complex. The covalently bound antibody -glutaminase complex was prepared 
utilizing the heterobifunctional reagent SPDP (N-succinimidyl-3-(2-pyridyl dithio)propionate 
[Carlsson et al., Biochemical Journal, vol. 173, pp. 723-737 (1978)]. The cells were washed 
and placed in fresh tissue culture media, and 3 H-Thymidine incorporation was measured. 
The incorporation of the melanoma cells is shown in Table 4. Neither free antibody or free 
glutaminase inhibited thymidine incorporation. Only cells incubated with the antibody- 
glutaminase complex exhibited inhibition of 3 H-Thymidine incorporation. Thus, the two 
components, antibody and glutaminase act synergistically to inhibit tumor cell growth. 
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TABLE 4 



% INHIBITION OF 3 H- 

TREATHENT THYMIDINE INCORPORATION 

Free Antibody 0 

Free Glutaminase (0.06 IU/ml) 0 

Antibody-Glutaminase (0.06 IU/ml) 93 
Complex 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Roberts, Joseph 

MacAllister, Thomas W 
Sethuraman, Natarajan 
Freeman, Abbie G 

(ii) TITLE OF. INVENTION: GENETICALLY ENGINEERED GLUTAMINASE AND 
ITS USE IN ANTIVIRAL AND ANTICANCER THERAPY 

(iii) NUMBER OF SEQUENCES: 10 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Banner, Birch, McKie and Beckett 

(B) STREET: 1001 G Street N.W. 

(C) CITY: Washington, D.C. 

(E) COUNTRY: U.S.A. 

(F) ZIP: 20001 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 
{ B ) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS /MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: DE P4140003.8 

(B) FILING DATE: 04-DEC-1991 

(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: Kagan, Sarah A 

(B) REGISTRATION NUMBER: 32,141 

(C) REFERENCE /DOCKET NUMBER: 00100.41200 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 202-508-9100 

(B) TELEFAX: 202-508-9299 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1014 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: PSEUDOMONAS 7A 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



AAGGAAGTGG 


AGAACCAGCA 


GAAGCTGGCC 


AACGTGGTGA 


TCCTGGCCAC 


CGGCGGCACC 


60 


ATCGCCGGCG 


CTGGCGCCAG 


CGCGGCCAAC 


AGCGCCACCT 


ACCAGGCTGC 


CAAGGTTGGC 


120 


GTCGACAAGC 


TGATTGCCGG 


CGTGCCGGAG 


CTGGCCGACC 


TGGCCAATGT 


GCGCGGCGAG 


180 


CAGGTGATGC 


AGATCGCCTC 


CGAAAGCATC 


AC CAACG ACG 


ACCTGCTCAA 


GCTGGCAAGC 


240 


AGCGTGGCCG 


AGCTGGCCGA 


CAGCAATGAC 


GTCGATGGCA 


TCGTCATCAC 


CCATGGCACC 


300 


GACACCCTGG 


AAGAAACCGC 


CTACTTTTTG 


AAC CTCGTGG 


AAAAGACCGA 


CAAGCCGATC 


360 


GTCGTGGTCG 


GTTCCATGCG 


CCCCGGCACC 


GCCATGTCCG 


CCGACGGCAT 


GCTCAACCTG 


420 


TACAACGCCG 


TGGCCGTGGC 


CAGCAACAAG 


GACTCGCGCG 


GCAAGGGCGT 


GCTGGTGACC 


480 


ATGAACGACG 


AGATCCAGTC 


CGGGCGTGAC 


GTGAGCAAGT 


CGATCAACAT 


CAAGACCGAA 


540 


GCCTTCAAGA 


GCGCCTGGGG 


CCCGCTGGGC 


ATGGTGGTGG 


AAGGCAAGTC 


GTACTGGTTC 


600 


CGCCXGCCGG 


CCAAGCGCCA 


CACGGTCAAC 


TCCGAGTTCG 


ACATCAAGCA 


GATCAGCAGC 


660 


CTGCCCCAGG 


TGGACATCGC 


CTACAGCTAT 


GGCAACGTCA 


CCGACACGGC 


CTACAAGGCC 


720 


CTGGCACAGA 


ACGGCGCCAA 


GGCGCTGATC 


CATGCCGGCA 


CCGGCAATGG 


CTCGGTGTCG 


780 


TCGCGGGTGG 


TGCCAGCCCT 


GCAGGAGCTG 


CGCAAGAACG 


GCGTGCAGAT 


CATTCGTTCG 


840 


TCACGTCAAC 


AGGGCGGTTT 


CGTGCTGCGT 


AACGCCGAGC 


AGCCCGACGA 


CAAGAACGAC 


900 


TGGGTCGTGG 


CCCACGACCT 


GAACCCGCAG 


AAGGCCCGCA 


TCCTGGCGAT 


GGTGGCAATG 


960 


ACCAAGACCC 


AGGACAGCAA 


GGAGCTGCAG 


CGCATTTTCT 


GGGAATACTG 


ATAA 


1014 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 336 amino acids 

( B ) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: YES 

(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Lys Glu Val Glu Asn Gin Gin Lys Leu Ala Asn Val Val He Leu Ala 
15 10 15 

Thr Gly Gly Thr He Ala Gly Ala Gly Ala Ser Ala Ala Asn Ser Ala 
20 25 30 

Thr Tyr Gin Ala Ala Lys Val Gly Val Asp Lys Leu lie Ala Gly Val 
35 40 45 

Pro Glu Leu Ala Asp Leu Ala Asn Val Arg Gly Glu Gin Val Met Gin 
50 55 60 
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lie Ala Ser Glu Ser lie Thr Asn Asp Asp Leu Leu Lys Leu Ala Ser 
65 "70 75 80 

Ser Val Ala Glu Leu Ala Asp Ser Asn Asp *Val Asp Gly He Val He 
85 90 95 

Thr His Gly Thr Asp Thr Leu Glu Glu Thr Ala Tyr Phe Leu Asn Leu 
100 105 HQ 

Val Glu Lys Thr Asp Lys Pro He Val Val Val Gly Ser Met Arg Pro 
115 120 125 

Gly Thr Ala Met Ser Ala Asp Gly Met Leu Asn Leu Tyr Asn Ala Val 
130 135 140 

Ala Val Ala Ser Asn Lys Asp Ser Arg Gly Lys Gly Val Leu Val Thr 
145 150 155 150 

Met Asn Asp Glu He Gin Ser Gly Arg Asp Val Ser Lys Ser He Asn 
165 170 175 

He Lys Thr Glu Ala Phe Lys Ser Ala Trp Gly Pro Leu Gly Met Val 
180 185 190 

Val Glu Gly Lys Ser Tyr Trp Phe Arg Leu Pro Ala Lys Arg His Thr 
195 200 205 

Val Asn Ser Glu Phe Asp He Lys Gin He Ser Ser Leu Pro Gin Val 
210 215 220 

Asp He Ala Tyr Ser Tyr Gly Asn Val Thr Asp Thr Ala Tyr Lys Ala 
225 230 235 240 

Leu Ala Gin Asn Gly Ala Lys Ala Leu He His Ala Gly Thr Gly Asn 
245 250 255 

Gly Ser Val Ser Ser Arg Val Val Pro Ala Leu Gin Glu Leu Arg Lys 
260 265 270 

Asn Gly Val Gin He He Arg Ser Ser Arg Gin Gin Gly Gly Phe Val 
275 280 285 

Leu Arg Asn Ala Glu Gin Pro Asp Asp Lys Asn Asp Trp Val Val Ala 
290 295 300 

His Asp Leu Asn Pro Gin Lys Ala Arg He Leu Ala Met Val Ala Met 
305 310 315 320 

Thr Lys Thr Gin Asp Ser Lys Glu Leu Gin Arg He Phe Trp Glu Tyr 
325 330 335 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 35 base pairs 
{ B ) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(iii) HYPOTHETICAL: NO 
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<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GCCGGATCCA TATGAAGGAA GTGGAGAACC AGCAG 3 5 

{2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA {genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
GCGCGGATCC GTCGACGCCA ACCTTGGCAG 30 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL : NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
GGATCCATAT GAAGGAAGTG GAGAAC 2 6 

(2) INFORMATION FOR SEQ ID NO: 6; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AGCTTACTCC CCATCCCCCT GTTGACAATT AATCATCGGC TC 42 
(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 base pairs 

<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
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(iii) HYPOTHETICAL: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 
GTATAATGTG TGGAATTGTG AGCGGATAAC AATTTCACAC AGGAAACAG 49 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE. CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GATCCTGTTT CCTGTGTGAA ATTGTTATCC GCTCACAATT CCACACA 47 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 44 base pairs 
(8) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL; NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
TTATACGAGC CGATGATTAA TTGTCAACAG GGGGATGGGG ACTA 44 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
AATTGTGAGC GGATAACAAT TTCACACAGG AAACAGGATC CATATATGAA GGAA 



54 
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AMERICAN 'TYPE CULTURE COLLECTION 



'123 01 Parklawn Drive 
Rockville, Maryland 208 52 
united States of America 
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^03 March 1992 (03.03-921 1 29598 



Pseudomonas sp*, 7A 
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MICROORGANISMS 
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AMERICAN TYPE CULTURE COLLECTION 



12301 Parklawn Drive 
Rockville, Maryland 208 5 2 
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03 November 1992 (03 . 11 .92) 69117 

Kscherichia Coli , pMElS 
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